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ABSTR.\CT 

RAPID  METHODS  FOR  THE  BACTERIOPHAGE  TYPING 
OF  STAPHYLOCOCCI 


OBJECT 

To  review  the  progress  made  in  the  development  of  rapid  methods 
for  the  bacteriophage  typing  of  staphylococci.  New  techniques  developed 
ill  this  laboratory,  as  well  as  modifications  of  conventional  procedures, 
which  reduce  the  total  time  to  type  staphylococci  by  the  bacteriophage 
method  are  presented. 

RESULTS 


The  time  required  to  type  staphylococci  by  the  bacteriophage 
method  can  be  substantially  reduced  through  the  application  of  rapid 
methods  for  propagating  the  typing  phages,  rapid  visualisation  of  test 
results,  and  through  the  use  of  self-contained  typing  systems. 

CONCLUSIONS 

It  is  apparent  that  co.nventional  methods  for  bacteriophage  typing 
are  subject  to  improvement  and  that  such  improvement  will  bring  this 
important  epidemiological  tool  within  the  capability  of  the  average 
hospital.  The  development  of  a  dependable  and  inexpensive  self-contained 
typing  systems  represents  a  s'-'p  toward  the  achic /ement  of  this  goal. 

RECOMMENDATIONS 


Nona. 


P.^\P1D  MLTiiODS  t'OR  THE  BACTERJOPILVGE  lYPLNG 
OF  STAPHYLOCOCCI 


I.  INTRODUCTION 


The  importance  of  bacteriophage  typing  in  the  prevention  and  con¬ 
trol  of  staphylococcal  disease  is  best  emphasized  by  the  fact  that  it  is  the 
only  reliable  technique  presently  available  for  tracing,  the  sources  of 
infections  caused  by  strains  of  Staphylococcus  aureus'**^.  Since  prompt 
recognition  of  the  existence  of  a  staphylococcal  problem  and  the  ultimate 
elimination  of  the  causative  strains  from  the  hospital  depend  upon  rapid 
identification  of  the  strain,  it  is  essential  that  this  important  epidemio¬ 
logical  tool  be  readily  available  to  all  hospitals.  The  speed  with  which 
an  epidetn.e  of  staphylococcal  infections  may  S'  'eep  through  a  nursery, 
ward,  or  crt.re  hospital  is  well  kno'AOi  and  serves  to  emphasize  the  need 
for  rapid  identification  procedures  at  the  local  level.  At  the  present 
time,  however,  the  expensive  and  time-consuming  phtige  typing  service 
is  confined  to  typing  centers  located  in  metropolitan  hospitals  and  medi¬ 
cal  centers,  state  public  health  laboratories,  and  research  institutions. 
Although  most  hospitals  may  submit  cultures  to  these  typing  centers 
for  identification,  the  long  delays  associated  with  collection,  trans¬ 
portation  awi  processing  of  such  cultures  makes  such  information  of 
little  imme«iiat«  value  in  the  control  or  prevention  of  epidemics.  Final 
<nformation  concerning  cultures  submitted  to  a  distant  center  may  be 
delayed  for  periods  ranging  from  days  to  6  weeks. 


Before  phage  typing  can  be  utilized  to  the  fullest  extent  in  the 
prevention  and  control  of  staphylococcal  disease  the  typing  procedure 
must  be  simplified  and  brought  within  the  capability  of  the  average 
hospital  laboratory.  Very  little  progress  has  been  made  toward  sim¬ 
plification  since  the  classical  studies  of  Williams  and  Timmins^^. 
Fisk^"*,  and  Williams  and  his  associates^’  The  unpublished 

recommendations  of  the  Subcommittee  on  Phage  Typing,  International 
Conunittee  on  Bacterial  Nomenclature,  adopted  in  1953,  were  general 
in  nature  and  were  designed  to  give  uniformity  to  the  interpretation  of 
results.  No  rigid  procedural  rules  were  established  although  the  re¬ 
commendations  were  essentially  based  on  methods  developed  in  the 
Central  Public  Health  Laboratory  in  London-'"*. 


Ooerating  within  the  freedom  permitted  by  the  recommendations 
of  the  Subcommittee  on  Phage  Typing  a  program  was  undertaken  in 
this  laboratory  in  1958  to  invesligate  possible  ways  of  simplifying  the 
staphylococcal  typing  procedure  and  of  reducing  the  time  required  to 
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obtain  the  results  of  typing  tests.  Although  tlie  main  o.i'oi  t.'.e  Aa;;  tin- 
design  of  a  typing  system  for  use  m  small  military  liuspiiaLs  and  i  lam  s 
It  was  recognized  early  in  the  investigation  that  most  of  the  problems 
and  needs  in  connection  with  phage  typing  were  i  omnion  to  ail  hospitils. 
civilian  or  militar/.  Many  of  our  findings  appeared  to  be  applicable  to 
the  general  problem  of  phage  typing.  This  paper  describes  some  of  the 
new  techniques  evolved  in  our  laboratory,  as  well  as  modifications  of 
conventional  procedures,  which  have  reduced  the  time  required  to  obtain 
phage  patterns  of  staphylococci.  For  details  concerning  the  development 
of  the  conventional  typing  piocedures  the  reader  is  referred  to  the  many 
excellent  papers  in  the  literature  3.  4,  14.  1  b.  32,  34,  35_ 

II.  PROPAGATION  OF  TYPING  PHAGES 

The  most  time-consuming  operation  in  the  phage  typing  procedure 
is  the  propagation  of  the  phages.  To  develop  a  complete  set  of  typing 
phages  at  the  critical  test  dilution  naay  require  the  services  of  a  skilled 
technician  for  a  period  ranging  between  1  and  6  months.  In  addition  to 
requiring  a  great  deal  of  time,  the  propagation  step  also  involves  the 
use  of  expensive  equipment  and  large  amounts  of  laboratory  space. 

These  and  otb-^r  technical  and  mechanical  problems  require  solution 
before  the  typing  procedure  can  be  utilized  to  its  most  practical  potential. 

Propagation  of  the  typing  phages  is  most  often  performed  by  the 
addition  of  a  suspension  of  the  stock  phage  to  its  specific  propagating 
strain  of  the  surface  of  agar  plates^'^  or  w'thin  a  semisolid  agar  over- 
layer^.  Following  incubation  the  phage  is  harvested  by  washing  the 
surface  of  the  agar  plate  with  sterile  broth  or  by  extraction  of  the  phage 
from  the  agar  overlayer  by  a  variety  of  complicated  techniques'^.  Aite~ 
filtration  and  titration  the  phage  suspensions  are  adjusted  to  the  critical 
test  dilution  for  use  in  the  test  procedure. 

Most  of  the  typing  phages  can  be  propagated  in  broth  when  proper 
precautions  are  observed*'*' In  some  instances,  however, 
it  is  difficult  to  obtain  high  titers  in  liquid  media.  Recently,  it  was 
shown  that  aeration  and  agitation  of  liquid  cultures  during  incubation 
substantially  reduced  the  time  required  to  obtain  acceptable  titers  of 
phage"^. 

Liu*^  applied  the  cellophane  plate  technique,  originally  developed 
by  Birch-Hirshfeld^  during  an  investigation  of  staphylococcal  hemolysin, 
to  the  production  of  typing  phage  3A.  Although  the  technique  gives  satis¬ 
factory  results  when  applied  to  other  typing  phages  (Table  2).  we  ha  ve 
found  that  harvesting  from  the  cellophane  plates  presents  many  problems'*. 
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Soft  agar  propanations.  Stu<i:es  conciucted  ;n  the  laho  -itory  have 
recently  shown  that  propagations  niay  he  carried  out  in  thin  layers  of 
soft  agar  without  the  use  of  the  firm  agar  base.  Very  soft  agar  (0.  1  i 
per  cent)  is  used.  The  media  is  dispensed  in  appropriate  amounts  in 
test  tubes  following  preparation  and  cooled  to  (“"C.  The  tubes  are  then 
inoculated  with  suitable  amounts  of  the  propagating  strain  and  stock 
phage  suspension.  After  mixing  thoroughly,  the  contents  of  tlie  tubes 
are  poured  into  sterile  pe‘ri  dishes  to  a  depth  of  approximately  8  mm. 
Since  this  system  remains  very  soft  on  cooling,  the  plates  are  incubated 
in  the  upright  position  at  37*C.  for  4  hours.  The  plate-s  are  then  per¬ 
mitted  to  stand  at  room  temperature  overnight  prior  to  harvesting.  On 
the  following  morning  the  contents  of  the  plates  are  returned  to  sterile 
test  tubes  without  the  addition  of  e.xtra  broth  and  the  tubes  .are  chilled 
in  a  refrigerator.  Following  centrifugation  for  40  minutes,  during  which 
time  the  agar,  host  cells,  and  ceil  debris  becomes  packed,  the  relatively 
clear,  concentrated  supernatant  can  be  harvested.  After  filtration  and 
tit’‘ation  these  concentrates  suspensions  may  be  used  to  prepare  critical 
test  dilutions. 

The  results  of  a  typical  propagation  experiment  involving  phages 
of  groups  I.  II,  III,  and  Miscellaneous  are  presented  in  Table  I,  page  lb 
Photographs  of  titration  plates  are  presented  in  Figures  I,  2,  and  3. 
pages  18.  19.  and  20.  It  may  be  seen  that  propagations  may  be  carried 
out  effectively  in  very  soft  agar  und  that  a  single  passage  produces  ac¬ 
ceptable  titers.  The  results  also  show  that  the  thickness  of  the  agar 
layer  influences  the  titer  cf  the  yield  (Figs.  2  and  3).  The  addition  of 
calcium  chloride  to  the  agar  (400  mcg/ml)  did  not  appear  to  influence 
the  results  obtained  in  thick  agar  layers  under  the  conditions  of  this 
experiment. 

Advantages  of  propagating  in  soft  agar  include  saving  of  time  and 
money.  Since  a  single  passage  in  soft  agar  usually  produces  acceptable 
concentrations  for  typing,  larger  numbers  of  pliages  may  be  propagated 
simultaneously  with  a  resulting  ecoiiurr'/  of  materials  and  time.  Har¬ 
vesting  is  simplified  in  that  the  procedure  is  repeated  a  minimum 
number  of  times  to  produce  a  complete  set  of  phages  at  the  critical  test 
dilution.  Decause  it  is  not  necessary  to  use  additional  hrotii  during  thi- 
harvesting  procedure,  the  resulting  suspensions  are  more  cimcentrated 
than  those  usually  obtained  when  the  conventional  procedure  :8  used. 

Dialysis  bag  propagations.  .\  technique  tor  the  production  of 
staphylococcal  typing  phages  in  hag^s  made  from  seanilesN  di.ilvsis 
tubing  has  recently  been  described^.  This  newly  developed  tei  Im.que 
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combines  the  ad\antage8  of  propagations  -.n  liquid  nu-dia  with  Uif  ro- 
duced  incubation  times  which  characterize  aerated  cultures  cxiid  Uie 
cellophane  plate  procedure.  The  bags  are  prepared  from  seamless 
dialysis  tubing  measuring  approximately  3/4  inch  in  diameter  and  cm 
into  lengths  sulficient  to  accommodate  approximately  10  ml.  of  broth. 

The  bags  are  sealed  by  tying  at  one  end  with  a  simple  overhand  knot  and 
are  wrapped  in  damp  towels  for  sterilization  in  a  pipette  canister  under 
steam  pressure. 

The  propagation  system  consists  of  0.  2  ml  of  a  stock  suspension 
of  phage  (CTD  ranging  between  10"^  and  10““  ami  .  3  ml.  of  a  -l-l»our 
broth  culture  of  the  appropriate  propagating  strains  adjusteti  to  contain 
between  10^  and  10^  cells  per  ml.  The  volume  of  the  contents  is  tlten 
made  to  5  ml.  by  the  addition  of  sterile  trypticase  soy  brotli  containing 
added  calcium  (400  mcg/ml).  The  bags  are  then  sealed  following  the 
removal  of  all  air  and  bubbles  by  tying  (Fig.  4,  page  31).  Aiter  being 
properly  marked  for  identification  tire  bags  are  submerged  in  a  flask 
containing  a  liter  of  trypticase  broth  with  added  calcium.  To  get  maxi¬ 
mum  aeration  ajid  agitation,  the  broth  in  the  flask  is  magnetically  stirred 
during  incubation  (Fig.  5,  page  24.  The  incubation  period  lasts  4  hours 
and  is  carried  out  at  35*C.  Contents  of  the  bags  are  harvested  follow¬ 
ing  incubation  by  removing  the  bags  from  the  flask,  rinsing  with  dis¬ 
tilled  water,  and  clipping  off  one  end  of  the  tubing.  The  contents  arc 
then  pioured  directly  into  a  Seitz  filter.  An  alternate  method  of  har¬ 
vesting  consists  of  the  use  of  a  Swinny  filter  (modified  to  accommodate 
0.4">  ,1  pore  size  molecular  membrane  filters)  (Fig.  b.  p^ge  23).  The 
latter  method  of  harvesting  is  especially  useful  when  the  volume  of  tlie 
propagating  system  does  not  exceed  10  ml.  The  resulting  suspensions 
are  obtained  with  a  minimum  loss  of  volume  and  potency. 

The  results  of  an  experiment  involving  the  propagation  of  Croup 
III  phages  in  dialysis  bags  are  presented  in  Table  II,  page  16.  Fur  com¬ 
parative  purposes  the  results  obtained  when  the  same  phages  were 
propagated  on  cellophane  plates  and  in  semisuhd  agar  are  p’-.c-nted. 

The  same  inoculum  was  used  in  all  experiments.  Since  the  figures  in 
the  table  are  reciprocals  of  tne  highest  dilutions  producing  confluent 
lysis  of  the  appropriate  propagating  strains,  they  rriay  be  used  for  com¬ 
parative  purposes,  it  may  be  seen  that  a  single  passage  of  the  pluigc-s 
in  dialysis  bags  produced  acceptable  titers  approximately  equal  to  Uiise 
obtained  by  three  passages  using  the  other  methods. 

Among  the  advantages  of  projiagation  in  dialysis  bags  is  the  cuiii- 
plete  elimination  of  solid  media  'rom  the  i»roi  edure.  The  ai  rupl  if.cil 
harvesting  procedure  saves  time  ami  money.  Ferliaiis  the  greatest 
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advantage,  however,  ia  derived  trom  the  fact  tiiat  all  of  the  typing 
phagea  may  be  propagated  aimultaneoualy  under  uniform  conditions. 
Suapenaiona  harveated  from  the  dialysia  baga  are  eaaily  prepared  for 
uae  in  the  typing  procedure  aince  complicated  extraction  procedures 
are  eliminated. 

m.  RAPID  PHAGE  TYPING 

The  aecond  moat-time  conauming  atep  in  the  phage  typing  pro¬ 
cedure  ia  the  incubation  of  the  completed  teat  ayatem.  A  review  of  the 
recommendationa  concerning  incubation  in  the  literature  reveala  many 
variationa  in  timea  and  temperatures.  Normally,  the  incubation  period 
ranges  between  1  8  and  30  hours  and  is  carried  out  at  temperatures  be¬ 
tween  30  and  37*  C.  In  some  cases  incubations  for  4  hours  at  33*  C. 
ia  followed  by  a  period  during  which  the  teat  plates  are  permitted  to 
atand  at  room  temperaturaa.  In  every  instance,  however,  the  extended 
periods  of  incubation  have  made  it  impossible  to  complete  a  typing  teat 
and  read  the  reaulta  within  the  hours  of  a  normal  workday.  In  an  effort 
to  reduce  the  time  required  to  obtain  the  final  results  of  typing  testa,  a 
technique  has  bean  developed  in  this  laboratory  udiich  enables  the  tech¬ 
nician  to  read  the  results  of  typing  tests,  with  acceptable  accuracy, 
within  4  to  6  hours  fallowing  inoculation.  The  technique  may  be  used 
in  connection  with  the  conventional  microdroplet  typing  procedure  by 
the  addition  of  a  simple  step. 

Rapid  visualisation  techni«tue.  The  use  of  synthetic  and  natural 
oxidation- reduction  indicators  in  connection  with  drug  sensitivity  tests 
has  been  reported^*  19, 22-24,  However,  there  have  been  few,  if 
any,  attempts  to  use  similar  techniques  to  reduce  the  time  required  to 
obtain  the  results  of  phage  typing  tests.  Menolasino^l  recently  reported 
that  the  addition  of  minute  amounts  of  tetrasolium  chloride  to  the  test 
agar  resulted  in  a  contrast  which  greatly  facilitated  the  reading  and  eval¬ 
uation  of  the  results  of  staphylococcal  typing  teats.  The  incubation  per¬ 
iod,  however,  was  not  shortened  by  the  jse  of  tetrasolium- tryptone  soy 
agar.  Sorenson^^  found  that  the  incubation  time  for  antibiotic  sensitivit/ 
test  could  be  reduced  through  the  use  of  an  oxidation- reduction  indicator 
incorporated  into  a  soft  agar  overlayer.  Appropriate  drugs  could  be 
selected  with  accuracy  in  2  to  6  hours  following  inoculation,  depending 
upon  the  species  of  bacteria  involved. 

In  both  antibiotic  sensitivity  and  bacteriophage  typing  tests  and  de¬ 
termination  of  the  final  results  depends  upon  the  detection,  within  a 
lawn  of  cells  growing  normally,  of  sones  of  inhibited  bacterial  growth. 

In  both  teats  the  fundamental  reactions  leading  to  the  ultimate  (ermation 


of  zones  of  inhibited  groyrti.  ooriir  witii.ii  a  tew  iu<ur3  alter  ino-ulat.  M' 
The  reniainder  of  tne  mcub-tion  tl  erofore  devoted  to  proniot.on  oi 
sufficient  cellular  growth  on  tiie  buriace  of  the  test  plate  to  enable  ti'.e 
technic. an  to  distinguish,  v  jually.  the  zones  of  mhib.ted  growth  pro¬ 
duced  by  drugs  or  bact€;riop}iag<»s.  Our  effirts  to  reducf  the  incu.jat  or, 
period  have  been  directed  towanl  the  visua  iz.Tt,on  of  tiie  test  lawni  as 
rapidly  as  possible  after  the  occurrence  of  the  fundan.enta,  reactions 
leading  to  tl  e  formation  of  rones  of  bacterial  lysis. 

The  preliminary  results  of  our  investigation  of  rapid  visualization 
methods  applicable  to  staphylococcal  phage  typing  tests  hav'e  been  re- 
ported^^.  Klssentially .  the  techn.que  involves  the  use  of  synthetic 
oxidation- reduction  indicatoi  s  incorporated  into  semisol  d  agar  over- 
layers.  Two  indicators,  rcsazurin  and  tetrazolium  chloride  liave  been 
used  successfully  in  routine  typing  tests. 

A  stock  solution  of  resazurin  to  be  used  in  the  preparation  of  the 
indicator  agar  was  prepared  in  advance  by  dissolving  200  rng.  of  re¬ 
sazurin  reagent  (Allied  Chemical  and  Dye  Corp. )  in  10  ml.  of  ethanol. 
This  solution  vk'as  then  made  up  to  a  volume  of  200  ml.  by  the  addition 
of  boiling  water.  The  solution  was  then  cooled,  passed  through  a  Seitz 
filter,  and  transfeired  to  a  brown  glass  bottle  for  storage  under  refrig¬ 
eration. 

The  stock  solution  of  tetrazolium  indicator  was  prepared  in  ad¬ 
vance  of  use  by  dissolving  1.0  Cm.  of  2.  3,  S-triphenyl-2H-tetrazolium 
chloride  (Allied  Chemical  and  Dye  Corp.)  in  100  nU.  of  distilled  water. 
The  solution  was  then  passed  through  a  Seitz  filter  and  transferred  to  a 
brown  glass  bottle  for  storage  under  refrigeration. 

The  overlayer  is  composed  of  1.  5  per  cent  agar.  Dase,  nutrient, 
trypticase  soy.  or  heart  infusion  agar  may  be  used.  The  medium  is 
prepared  in  advance  of  use  and  for  coiivenionce  is  dispensed  in  1  5  ml. 
amounts  in  test  tubes  prior  to  sterilization. 

Ibapid  visualizat.un  is  used  in  connection  with  the  conventional 
microdroplct  tyqi.ng  protedure  and  the  test  plates  are  incubated  for  2 
hour.s  at  It*  C.  jirior  to  application  of  the  indicator  agar  overlayor.  The 
preliminary  incubation  period  may  be  n.ore  accurately  determined  by 
applying  a  small  drop  of  the  resazurin  on  the  surface  oi  the  lest  pl.'ilc 
and  incubating  until  the  blue  area  turns  pimk.  In  most  c.iscs.  however, 
a  standardized  2  hour  pre  -  incubation  period  is  adequate  for  sbiohylo 
coccal  typing. 
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of  the  stoed  jo  ut.on  ot  tet  r.izol ;  om  eh;i.-r:t;e  to  ea<  !;  ot  tin-  to  o-:i  o-  i  ; 
solid  agar  pro  lously  melted  and  moled  to  iT’Cl.  1  lines  o:  terripe  .  i-  . 
indicator  agar  niay  be  cc'n\ eiiient.' y  orepared  m  advance  at  .so  .irui  hen 
in  a  water  ja  h  vinti'  the  cainpiet  on  ol  the  p »-elnnina ry  iiicubatiari  no:-  a 

Upon  completion  of  the  pre-l-  cubat.oi;  per.od  the  teat  plates  ii'. 
removed  I'rom  the  incubator  .mu  a  sutficieni  amount  of  in.dii.ator  a;a  r 
carefully  poured  over  the  surface  of  each  plate  to  gite  a  depth  of  a:> 
prox.mately  '  Tir.i.  (Fig.  7,  paged!).  After  the  overlaye r  has  sol.dj  ed 
the  plates  a-  returned  to  the  incuoator  and  observed  at  In  minute  -nt  t- 
vals.  Zones  of  lysis  appear  as  blue  Ci  rcufar  areas  of  a  backgroumi  a: 
pink  agar  (Fig.  8,  paged-')when  resazurin  is  used  and  ma\imun’  color 
contrast,  isuaily  occurs  within  90  minutes  following  the  addition  of  the 
indicator  cve.-layer.  When  tetraz“l-um  :s  selected  as  the  indicator  the 
zones  of  lysir  appear  as  clear  circular  areas  on  a  background  of  red 
agar  (Fig.  pagedh)  and  noa.simum  color  development  usually  requires 
1  .0  1  hours  if  additional  incubatior. 

The  possibility  of  growth  inhibition  Jue  to  the  presence  of  the 
oxitlation- redaction  indicators  in  the  overlayer  is  minimized  by  the 
preliminary  incubation  period.  This  period  permits  tiie  establisnmciit 
of  a  substantial  lawn  growth  and  the  occurrence  of  the  essential  re¬ 
actions  leading  to  the  fysis  of  areas  of  the  la-wn  by  phage  prior  to  the 
application  of  the  indicator  agar. 

Certain  precautions  should  be  observed  when  the  rapid  visual-za- 
tion  procedure  is  to  be  applied  to  bactcriopiiage  typing  tests,  'rheso 
incluile:  1)  the  use  of  agar  test  plates  with  very  dry  surfaces,  2)  appli¬ 
cation  of  the  overlayer  with  the  plates  resting  on  a  level  surface  to 
assure  uniform  laye.-*  thickness.  3)  the  use  of  extreme  care  during  the 
application  of  t.he  overlayer  to  prevent  disturbance  of  the  integrity  of 
the  test  lawn  and  plaque  pattern  (Fig.  7.2-1).  4)  the  indicator  agar  should 
be  cooled  to  45'  C.  beiore  pouring,  and  “)  tlie  overlayer  must  saluiii'y 
completely  before  the  test  plates  are  moved  to  the  incubator.  The  ob¬ 
servance  of  these  precautior.s  wid  prevent  the  slippage  of  the  inihc.'.tor 
overJayer  during  the  test  per  od  ..nd  will  minimize  the  distortion  of  the 
plaque  pattern. 

I'he  results  obtained  when  ,0  coagulase-positivc  strains  of  ataphy- 
lococci  were  typed  oy  the  convent. onal  and  rapid  visualization  p  r-jc  .-du  n- s 
are  presented  in  T.able  III.  page  17.  It  mav  be  seen  that  maior  pattern; 


were  easily  determined  ^Mthin  4  to  o  hours  attfr  ituu -..lation.  irtrr 
pretation  of  the  test  results  presented  no  serious  nrohleius  bei  a  ise  l!.- 
distinction  between  strong  and  weak  lytio  reactions  is  easdy  ni.uie. 

With  experience  intermediate  reactions  may  also  be  observed  and  re¬ 
corded  with  accuracy.  We  have  found  that  the  iiiterpretat. on  o!  resu.ts 
may  be  further  simplified  through  tfie  use  of  tlie  tyjung  pliages  adjusted 
to  100  times  the  critical  test  dilution  (100  x  CTD)  as  recommended  by- 
Wahl  and  Fouace^*^’ 

The  principal  advantap  ;  of  rapid  visualiaation  lies  in  the  fact  th.it 
it  reduces  the  time  required  to  obtain  the  fir.al  results  of  typing  tests  by 
reducing  the  incubation  period  from  13  to  30  hours  to  4  to  b  hours. 

Using  this  new  technique  the  results  of  staphylococcal  typing  test  may 
be  easily  obtained  within  the  hours  of  a  normal  workday. 

IV.  SELF-CONTAINED  TYPING  S /STEMS 


The  feasibility  of  typing  through  the  use  of  self-contained  typing 
systems  has  been  under  investigation  in  the  laboratory  since  1958  and 
the  preliminary  results  have  been  reported^^.  Since  such  systems 
would  relieve  clinical  laboratories  of  the  tedious,  expensive,  and  time- 
consuming  steps  involved  in  the  conventional  typing  procedure,  Utey 
would  also  place  staphylococcal  typing  within  the  capability  of  the 
average  hospital  laboratory.  Important  contributions  to  the  development 
of  simplified  typing  systems  have  been  made  by  Cavanaugh  and  Quan^. 
These  investigators  demonstrated  the  feasibility  of  using  lyophilized 
bacteriophage-impregnated  paper  strips  for  typing  strains  of  Pasteurella 
pestis. 

Mora  and  Eisenstark^^  sxtendsd  ths  paper  disc  systsm  to  staphyl¬ 
ococcal  typing  and  obtained  results  equal  to  those  obtained  by  the  conven¬ 
tional  microdroplet  procedure.  They  also  demonstrated  that  phage- 
imprsgnatsd  discs  could  be  prepared  in  advance  of  uee  and  stored  for 
periode  of  90  days  without  loes  of  usable  liter. 

More  recently  a  self-contained  paper  diec  eyetem  for  determining 
the  seneitivity  patteme  of  bacteria  to  various  antibiotics  has  been  de 
vsloped  by  Brown  and  his  associates^.  Through  ths  use  of  an  oxidation- 
reduction  indicator  incorporated  into  antibiotic -impregnated  diace,  theae 
investigatore  have  ahown  that  accurate  reaulte  could  be  obtained  within 2 
to  6  houre  following  the  inoculation  of  the  diece  with  a  etrain  of  bacteria. 

The  incorporation  of  an  indicator  system  into  bacteriophage- 
impregnated  discs  wue  recently  euggeeted*^  and  the  preliminary  rcet.lts 
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of  experiments  cond'ic ted  w.tii  i-  >mi). mciit  .i-s.  s  ...iw'  .ii  --  ’.  ■ 

ported^®.  Although  accepiiiblc  n-si.ltM  c  :r  ubt-i .  lU-i  .'.ti'  t.u'  ir.,;  ii-i 
discs,  instab'lily  durmg  storage  presented  many  or.ibieiiis  anil  I.riiiti  ii 
the  usefulness  of  the  typing  system.  Suusequent  .mestig.tt.  in.s  'nave 
shown  that  failure  to  ach.eve  a  very  high  degree  oi  lieiivh  r.ilioii  during  j 
preparation  and  storage  led  to  interaction  between  tiie  .lulicator  ami  the 
phages  wi'h  a  resultant  reduction  in  the  shell  life  of  trie  discs.  .Sncii 
interaction  waa  possible  because  of  the  direct  cor.ract  bet..'een  the  indi¬ 
cator  and  hhe  phages  m  the  single  component  discs. 

We  have  developed  a  multi -component  disc  system  in  our  labora¬ 
tory  which  alleviates  nnany  of  the  difficulties  encountered  in  the  original 
discs.  The  new  system  provides  for  the  mechanical  separation  of  the 
phages  and  the  indicator  until  the  time  of  inoculation  IFig.  10.  page  27) 
and  thereby  extends  the  shelf  life  of  the  discs.  Shortly  after  inoculation 
the  separators  rose  their  ability  to  act  as  mechanical  barriers  and  the 
constituents  of  the  system  diffuse  freely  m  the  matri.x  of  moistened 
filter  paper. 

Preparation  of  laminated  ptiage  typing  discs.  Sterile  filter  paper 
discs  {S  li  S  740-E)  measuring  12.  7  mm.  in  diameter  are  used  as  major 
components  for  impregnation.  Separators  are  cut  from  thin  facial  type 
tissue.  The  indicator  discs  are  impregnated  with  0.  ^  mg.  of  2.  3.  S- 
triphenyl-2H-tetrasolium  chloride  in  an  aqueous  solution.  Following 
the  impregnation  and  drying  these  discs  are  stored  in  brown  glass  bottles 
over  a  drying  agent.  Lotrge  numbers  of  these  discs  may  be  prepared  in 
advance  of  use  and  stored. 

The  phage  component  of  the  test  system  is  prepared  by  impreg¬ 
nating  sterile  filter  paper  discs  with  approximately  10^  phage  particles. 
Suspensions  of  the  typing  phages  ^re  adjusted  to  titers  ranging  between 
10^  and  lU^  particles  in  trypticase  soy  broth  containing  added  calcium 
(400  meg.  p«r  ml. ).  Purified  ovalbumin  is  then  added  to  the  adjusted 
phage  suspensions  m  amounts  necessary  to  give  a  final  concentration  of 
7  per  cent  albumin.  After  thorough  mixing,  impregnation  is  accomplished 
by  adding  0.2  ml.  of  the  suspensions  to  sterile  discs.  The  discs  are 
then  shell  frosen  and  lyophilized^.  Success  in  the  preparation  of  [ihagi*- 
impregnated  typing  discs  depends,  to  a  large  extent,  upon  achieving  and 
maintaining  a  high  degree  of  dehydration  following  impregnation  and 
during  storage.  The  finished  phage -impregnated  d.scs  are  stored  ti 
wax  scaled  glass  v.als  over  a  drying  agent  at  temperatures  ranging 
between  -  10  and  -  1  li*  C. 
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The  laminateti  test  dis<  s  are  assoi-.  i>!ec;  n  S;:-  ’  .si-  :> 

placing  one  of  tiie  inclieator  discs  .n  cacii  .ve”  ol  .1  piast  c  iiep  re ss .  ni 
dish  (t  ig.  11.  page  28).  Separator  d.scs  are  then  placed  on  top  vii  tiie 
indicator  components  in  each  well.  Finally,  the  jiiiage  .nip rcgruited 
discs  representing  the  typing  phages  are  piaced  in  t.le  appropriate  w  Tls. 
Control  discs  consisting  of  only  the  indicator  component  are  included  with 
each  series.  Test  systems  may  be  prepared  m  advance  of  use  and  stored 
in  vacuo  over  a  drying  agent  and  under  refrigeration. 

Typing  is  accomplished  by  inoculating  each  01  t.he  laminated  discs 
with  0.  b  ml.  of  a  slightly  turbid  culture  of  the  test  strain.  To  prevent 
overpowering  of  the  d'sc  system  we  have  found  it  convenient  to  adjust 
the  turbidity  of  the  culture  to  an  optical  density  between  0.  02  and  0.  0-1 
oil  the  Coleman  Junior  spectrophotometer  and  185  mp.  This  represents 
approximately  10"^  organisms  per  ml. 

Following  inoculation  the  test  system  is  incubated  at  3b*C.  in  a 
high  humidity  incubator.  The  system  is  checked  at  i  0  minute  intervals 
until  the  control  discs  show  maximum  color  development.  Results  are 
then  read  by  recording  the  numbers  of  the  discs  that  did  not  undergo  a 
change  of  color  from  white  to  pink.  These  numbers  represent  the 
phage  pattern  of  the  test  strain. 

Interpretation  of  the  results  obtained  from  typing  tests  carried 
out  by  the  diac  technique  present  no  serious  problems.  In  staphylo¬ 
coccal  typing  the  distinguishing  characteristic  is  the  visual  appearance 
of  zones  of  lysis.  Some  strains  are  lysed  so  that  the  zone  is  confluent 
while  other  strains  are  lysed  with  a  semiconfluent  zone.  Both  r,i  these 
rypes  of  reactions  arc  readily  detectable  when  laminated  disc-.,  are  used 
and  reference  is  made  to  the  color  intensity  of  the  control  discs.  With 
experience,  intermediate  types  of  re:.ctions  may  also  be  determined. 

The  results  obta-ned  when  a  series  of  cultures  were  typed  by  the  disc 
and  conventional  techniques  are  presented  in  Table  !V,  page  17.  It 
may  te  seen  that  acceptable  results  may  be  obtained  by  the  disc  tech¬ 
nique  within  -1  hours  after  inoculation 

Self-contained  typing  systems  provide  many  potential  technical 
advantages  including:  1)  I-arge  numbers  of  discs  can  be  prepared  in 
advance  of  use.  2)  Var  ations  arising  in  culturing  and  subculturing  of 
the  host  cells  and  phages  in  the  laboratory  during  propagations  can  be 
eliminated.  3)  Closely  controlled  batches  of  discs  can  be  prepared 
and  predictable  results  can  be  expected,  i)  Problems  of  contamination 
can  be  minimized  during  storage  and  use  of  the  discs,  and  S),  These 
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systems  U'ovii'i  make  I  .  ;>.n^  a\a.l.i!)le  to  laia)  - to  r.es  !.io.-,i 

hospitals  :r  a  simple.  ai  \  orate  .mii  .  nf\peri.s ,  \  e  lorm. 

t  he  mam  mechanical  ahvantatte  tu  b»-  jjaincil  thr oui^h  tlu’  use  oi 
self- conta meil  typmjj  systems  is  the  .sav.iig  of  time.  the  t  rtu  iio'c  n- 
quired  to  prepare  anti  stantlartliae  a  i  iun|>!ete  set  of  typini;  piiaj;e.s  (1 
to  ti  months)  woiiid  be  eliininaleu  eiit;  rolv  at  Uu*  liical  level.  I'lie  re 
quirement  for  space  and  equipment  would  also  be  reduced  or  eliminated. 
The  costs  of  tvpinR  would,  of  course  be  reduced  as  a  result  of  tiie 
above  mentioned  advantages.  It  is  hoped  tliat  the  manufacture  of  self 
contained  typing  systcMns  can  be  arranged  in  tiie  near  future 

V.  SUMMARY 

Two  new  techniques  for  the  propagation  of  staphylococcal  typing 
phages  developed  at  the  U.  S.  Army  Medical  Research  Laboratory  have 
been  described.  Application  of  these  techniques  reduces  the  time  re¬ 
quired  to  obtain  a  complete  set  of  phages  at  the  critical  test  dilution  by 
simplifying  the  propagation  and  harvesting  procedures. 

A  new  technique  for  the  rapid  visualization  of  the  results  of 
staphylococcal  phage  typing  test  has  been  presented.  Using  this  tech¬ 
nique  the  rcrults  of  typing  test  may  be  easily  obtained  within  the  hours 
of  a  normal  workday. 

The  results  obtained  in  studies  cf  the  development  of  self-contained 
phage  typing  systems  have  been  presented  and  d'seussed.  The  develop¬ 
ment  and  production  of  such  systems  could  provide  nrvany  technical  and 
mechanical  advantages  over  the  conventional  microdroplet  typing  pro¬ 
cedure  and  would  make  phage  typing  available  to  the  staffs  of  all 
hospitals  in  the  form  of  an  economically  feasible  routine  laboratory 
procedure. 
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S !  1 lin  No. 

rji.i.,*- 

on  v#*n  1  1  ona  <  • 

Pattern 

Mtipi’i  V i !iu  j  1 1  z  j r  i  nn  •  • 

1 

.39  s.’  S2A  aa  ai 

29  5  3  S3A  80  8  1 

*> 

.39  9  3  52A  79  80 

29  5  2  53A  79  80 

3 

b  47 

8  47 

4 

3A  jB  3C  71 

3B  31'  71  (•-all  3A| 

S 

80  81 

80  81 

6 

b  47  54  75  83 

b  47/54  75  83 

7 

Untypab 

Untypab  Is 

e 

29  52  5^A  80 

29  '52  52A.  80  (a^ak  81) 

9 

47  53  54  77  83 

47  '53 '77  83  (aaak  54) 

10 

3B  3r  55  71 

38/ 3C  55/71 

*lncutatLon*  30  hours,  3$*^*..  Typiaq  phaqss  •  100  s  CTD. 

** Incubation  • 

4  to  6  hours.  3S**r. , 

Typiaq  phaqss  •  100  x  (TD. 

T48I.E  IV 

PkiTtHN-i  of  ro*(iuiAsr. Positive  Staimvlococci  *s  dcterminii)  hv 

CONVCST  1  CMAt  ANO  LAMINATED  DISC  TECHNIQUES 

PHaqs  Pat 

tvras 

Strain  No. 

Coovsntioaol* 

Laaiaotsd  Disc** 

1 

»''5  2/5  2A/80/il 

29/52/52A/80/81 

2 

29  52  52A/79/*0 

29/52 '52A/ 80  (awk  79) 

3 

6  ,  4* 

8/47 

4 

3A  3B/3C  71 

38/ 71  (B.ak  3A  3r) 

5 

80  *1 

10/81 

b 

6  47  54  75  83 

S-'47  /  54  '83  (a.ok  75) 

7 

I'btypafcl.* 

Uatypabls  (vary  vsok  W.\ 

8 

39  52'52A  80 

29/52/52A/80  (a.ak  «!- 

9 

47  5354/77  83 

47  53/7783  (a.ok  54) 

10 

3B  3r  5i'71 

38  51/71  (a.ok  30 

*Siqaifiran(  reactions  at  th«  CTD.  Iscjbo t ion :  30  hours  at 
• 'i*  iqn  i  (  1C  jn  t  rouctions  oftor  4  hours  incuhation  at  3S^r. 

n'D;  42f-  at  ICOO  s  fTl). 
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Fig.  2.  Titration  of  phage  80  in  aoft  (0.  15  per  cent)  agar  showing 
the  effect  of  layer  thickness  on  yields.  Propagations  were  carried 
out  in  thick  layers  (6-7  cm.)  in  test  tubes  without  added  calcium 
(top  row)  and  with  added  calcium  (middle  row).  Bottom  row  shows 
the  yield  obtained  from  a  »ingle  passage  in  thin  layers  (8  mm.)  in 
petri  dishes.  Decimal  dilutions  range  from  10'^  (left)  to  10'^. 


■ '  > 


Fig.  3.  Titration  of  phage  ?.'i  in  •oft  (0.  15)  per  cent  agar  showing 
the  effect  of  layer  thickness  on  yields.  Propag.'ition8  were  carried 
out  in  thick  layers  (o  -  7  cm.)  in  test  tubes  without  added  calcium 
(top  row)  and  with  added  calcium  (middle  row).  Bottom  row  shows 
the  yield  obtained  from  a  single  passage  in  thin  layers  (8  mm.  )  in 
petri  dishes.  Decimal  dilutions  range  fcorn  10'^  (left)to  10"^. 
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t€,t  DUt..  the  mdicator  overlayer  lo  phage 

of  melted  agar  to  the  center  of  the  surface  min.mixea  the  dis  - 
rbance  of  the  lawn  and  distortion  of  the  plaque  pattern. 
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typmg  t«t  thr.ush  the  u«e  .f  re sa.u r: n  .n.hcatol  a„., r.  H  e  p 
wa.  .ncubated  for  90  minutes  follow^n,.  appJo  at.on  of  the  ov.-rUv 
(Pattern:  .9/.2/S2A,  .0,.  The  =  rre«,d  .  r  shaped  soot  n  thr.tu 
of  the  plate  wa»  tao.cd  bv  a  p.le  up  of  ajjar  at  the  pour  po.nt. 
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Fig.  9.  Rapid  viaualtxation  of  the  reaulte  of  a  ataphylococcal  phage 
typing  teat  through  the  uae  of  tetraaoUum  indicator  agar.  The  plate 
waa  incubated  for  180  minutea  following  the  application  of  the  over- 
Uyer.  (Part,  -n:  3B/ 3C/55/71). 
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Kig.  10.  Exploded  view  of  laminated  typing  discs. 


Fig.  11.  Photograph  of  th«  laminatod  diac  typing  ayatem  ahowing 
tha  dagraa  of  contraat  batwaan  poaitiva  and  nagativa  reactiona  alter 
4  hour  a  of  incubation  at  3S*C.  Phaga  pattarn;  29/S2/S2A/30/81. 
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